We have used rotational anisotropic (RA) polarized Raman spectroscopy to study the symmetries, the temperature and the doping dependence of the charge ordered state in metallic (Sr 1 -x La x ) 3 Ir 2 O 7 . Although the Raman probe size is greater than the charge ordering length, we establish that the charge ordering breaks the fourfold rotational symmetry of the underlying tetragonal crystal lattice into twofold, as well as the translational symmetry, and forms short-range domains with 90 • rotated charge order wave vectors, as soon as the charge order sets in below T CO =∼ 200 K and across the doping-induced insulator metal transition (IMT). We observe that this charge order mode frequency remains nearly constant over a wide temperature range and up to the highest doping level. These above features are highly reminiscent of the ubiquitous unidirectional charge order in underdoped high-T C copper-oxide-based superconductors (cuprates). We further resolve that the charge order damping rate diverges when approaching T CO from below and increases significantly as increasing the La doping level, which resembles the behaviors for a disorder-interrupted ordered phase and has not been observed for the charge order in cuprates.
tern analysis that two types of short-range charge order domains develop near La-dopants, whose charge order orientations are 90 • rotated from each other. Finally, we draw from temperature and doping dependence data that the frequency of the mode associated with the charge order remains nearly constant over a wide temperature range and up to the highest available doping levels, while its damping rate diverges as one approaches the transition temperature T CO from below, and it increases significantly at higher doping levels. The frequency behavior is reminiscent of the unidirectional charge order observed in underdoped cuprates, whereas the divergence towards T CO and the increase upon doping of the damping rate resemble those of other disorder-interrupted ordered states, which have not been observed in cuprates. Our experiment also show that Raman scattering possesses the ability to retrieve single cluster information using a domain-averaged signal acquired with large probe sizes.
Unlike the single layer perovskite iridate Sr 2 IrO 4 , believed to be the spin-orbit coupled (SOC) cuprate analogue, which hosts the J e f f = 1/2 Mott insulating Heisenberg AFM state [14, 15] , pseudogap behavior [16] [17] [18] [19] , magnetic quadrupolar order [20, 21] and a d-wave gap [22, 23] , the bilayer variant, Sr 3 Ir 2 O 7 , is simpler in that it only exhibits an electron doping-induced IMT [24, 25] and a charge density wave (CDW)-like instability [26] . Previous work has confirmed the phase purity of our (Sr 1 -x La x ) 3 Ir 2 O 7 crystals with x = 0 -0.075, and revealed subtle structural distortions of the IrO 6 octahedra pair tilting off c axis that lower the crystal point group from tetragonal D 4h to monoclinic C 2h with one remaining mirror plane normal to in-plane crystal axis b [27, 28] . While neither the symmetries of the charge order nor its coupling to the lattice has been studied, the (Sr 1 -x La x ) 3 Ir 2 O 7 system also provides a neat platform to study the disorderinterrupted charge ordering in a correlated metal without the complication of other competing phases as cuprates do and near IMT that cuprates cannot access.
Raman measurements were performed in the backscattering geometry, using the 514 nm line of an argon-ion laser and a Dilor XY triple monochromator spectrometer. The incident optical fluence was maintained at 1.2 mW over a beam diameter of 20 µm that is smaller than the size of reported monoclinic structural domains [28] . To perform the RA polarized Raman measurements ( Fig. 1(a) ), the incident (E I , solid arrow) and scattered (E S , dashed arrow) electric fields were kept either parallel or perpendicular to each other, and rotated by an angle φ with respect to the crystal axis a. To avoid any background anisotropy from the setup, we used strain-free optical components to minimize light depolarization, and rotated the selected scattered polarization back to vertical to ensure a constant collection efficiency. is well beyond our instrument resolution of 1.7 cm −1 . Here, the assigned D 4h point group for (Sr 1 -x La x ) 3 Ir 2 O 7 single crystals, though consistent with the Raman literature [29] , is of higher symmetry than the recently refined monoclinic C 2h point group, possibly because the structural distortion is so subtle that high frequency (> 100 cm −1 ) phonons are not appreciably affected.
In sharp contrast to the high frequency phonons, the low frequency mode at 25.9 ± 0.2 cm −1 , having the same energy as the reported CDW amplitude mode [26] , shows up in both A 1g and B 2g channels, indicating that its ordered ground state has a lower symmetry point group than D 4h . By surveying all of the Raman tensors of the D 4h subgroups that have finite tensor elements in the aa, ab, a a channels but is fully suppressed in the a b one (Supplementary Section 1), we found that this mode belongs to the A (A g , A 1 and A) symmetry of an orthorhombic subgroups (D 2h , C 2v and D 2 , respectively). Considering the fact that this mode is only present at low temperatures (see room temperature data in Supplementary Section 2) while second harmonic generation shows no changes from room to low temperature [28] , we ruled out the two noncentrosymmetric candidates (C 2v and D 2 ) and uniquely identified the point group D 2h for the emergent order.
There are two important remarks regarding this point group symmetry breaking order. First, symmetry breaking from D 4h to D 2h is consistent with both the nematic order (q = 0) and the unidirectional charge order (q = 0). To distinguish between the two, we examined if broken translational symmetry accompanies the point group symmetry breaking. Assuming q = 0 across the transition, based on the compatibility relation of the point groups, the A 1g irreducible representation (irrep) of D 2h traces back to either the A 1g or B 2g irrep of D 4h , both of which are Raman active and thus should be present at room temperature. The fact that this mode only appears at low temperatures suggests that the phase transition involves translational symmetry breaking in addition to the rotational symmetry breaking, which is evidence for unidirectional charge order, instead of nematic order. Second, the presence of the new mode in the ab but not the a b channel suggests that the unidirectional charge order modulation is along the diagonal direction, i.e., the Ir-O-Ir bond direction, which preserves the two diagonal mirrors but breaks the two vertical mirrors normal to the crystal axes a and b of the D 4h crystal lattice. This is in stark contrast to the reported lattice distortion that breaks both diagonal mirrors and preserves one of the two vertical mirrors, excluding the possibility that this mode results from the reported monoclinic structural distortion.
For the unidirectional charge order, quenched disorder can lead to two possible domain mesostructures in the form of (i) short-range ordered domains with the same rotational but interrupted translational order, therefore sharing one charge order wave vector, and (ii) clusters with both the long-range rotational and translational ordering destroyed, leading to two types of wave vectors that are 90 • rotated from each other [10] . To examine these disorder-induced clusters, we performed RA Raman spectroscopy measurements with an angular resolution of 10 • , and extracted the peak intensities of the charge order mode by fitting the Raman spectra with a one oscillator function of the form
, where ω 0 , Γ, κ and β (ω) are frequency, damping rate, coupling constant and Bose-Einstein factor [30, 31] . The nonzero background in the RA pattern for the parallel geometry is consistent with a rotational symmetry lower than that of the D 4h point group, similar to the discussion in Fig. 1(b) . The patterns for both channels exhibit fourfold rotational symmetry, which is, however, incompatible with the unidirectional charge order domains with the same orientation. Instead, both patterns Having established the low-temperature characteristics, we tracked the temperature dependence of the unidirectional charge order mode to further understand its order parameter. Fig.   3(a) shows Raman spectra and their one-oscillator fits as a function of temperature obtained from (Sr 1 -x La x ) 3 Ir 2 O 7 with x = 0.032. We further quantify the temperature dependence by plotting the fitted mode parameters, including peak intensity I(ω 0 ) and coupling constant κ, damping rate Γ and frequency ω 0 , against the temperature in Fig. 3(b)-(d) . I(ω 0 ) clearly exhibits a linear dependence on T CO − T that gives the critical temperature T CO = 220.1 ± 1.4 K, while κ scales as (T CO − T ) ς with ς = 0.32 ± 0.04, a value that departs significantly from the mean-field value of 0.5 for conventional CDWs. The large increase of Γ when approaching T C from below shows a diverging behavior that is well described by Γ = Γ 0 (T CO − T ) −1/2 , in agreement with the expectation of a divergence due to anomalous fluctuations near a phase transition in quasi-low-dimensional systems [31] . The weak softening of less than 10% of ω 0 sharply contrasts to that of the point-group symmetry preserving CDWs in pristine samples where the CDW amplitude mode approaches zero frequency at T CO [32, 33] . However, it is highly reminiscent to that of the rotational symmetry breaking CDWs in doped compounds such as cuprates [34, 35] and K 0.3 MoO 3 [31] . This unconventional temperature-dependent behavior evokes that expected for a disorder-interrupted pointgroup symmetry breaking order, invites further theoretical investigations to distinguish disorder effects from intrinsic effects due to strong electron correlations.
By carrying out temperature dependent Raman measurements and symmetry analysis similar to Fig. 1-3 for four La doping levels spanning from pristine to the highest available doping level, we confirmed that both types of short-range domains with 90 • rotated unidirectional charge order orientations coexist at mesoscopic scales as soon as the unidirectional charge order sets in around 200 K and across the IMT at x C ∼ 0.03. Such a small disorder threshold for inducing the short-range domains is consistent with the quasi-2D electronic structure of (Sr 1 -x La x ) 3 Ir 2 O 7 . We further compare the charge order mode parameters against the La doping level in Fig. 4 . The frequency ω 0 of the charge order mode barely changes while the damping rate Γ increases by 50%, as the La doping varies from x = 0.032 to 0.075. The constant charge order excitation energy, together with the nearly constant T CO , suggests that the important ingredient at the Fermi surface for developing unidirectional charge order remains nearly unchanged across doping levels in metallic (Sr 1 -x La x ) 3 Ir 2 O 7 , one possibility being the wave vector connecting the neighboring electron pockets [36] and its joint charge density of states. The significantly increased damping rate is consistent with defect-enhanced fluctuations in quasi-2D electron systems.
In conclusion, careful symmetry analysis on the RA polarized Raman spectra of metallic (Sr 1 -x La x ) 3 Ir 2 O 7 enabled us to resolve the symmetry point group and the wave vector orientation of the unidirectional charge order and establish the presence of both types of short-range domains with 90 • rotated charge order wave vectors, despite the challenge of the probe beam being greater than the charge ordering length scale. The symmetry and the constant frequency of this charge order, as well as its emergence from doping a Mott insulator, are highly reminiscent of the ubiquitous charge order in underdoped curpates. Meanwhile, the doping range near IMT of (Sr 1 -x La x ) 3 Ir 2 O 7 , inaccessible in cupates, provides us with the unique opportunity to resolve the divergent temperature dependence towards T CO and the strong increase upon doping for the damping rate of this charge order, which highly resembles those for a disorder-interrupted ordered phase. Furthermore, our RA polarized Raman technique of retrieving single domain information out of a domain averaged signal is applicable to a broader class of point group symmetry breaking orders with defect interruptions. 
